PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Internationa) Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
C08F 8/44 



Al 



(11) International Publication Number: WO 00/63259 

(43) International Publication Date: 26 October 2000 (26. 10.00) 



(21) International Application Number: PCT/USOQ/10167 

(22) International Filing Date: 1 4 April 2000 ( 1 4.04.00) 



(30) Priority Data: 
09/293,551 



16 April 1999 (16.04.99) 



US 



(71) Applicant: ABBOTT LABORATORIES [US/US]; D-377 
AP6D. 100 Abbott Park Road, Abbott Park, IL 60064-6050 
(US). 

(72) Inventors: KLDC, Russell, C; 481 Westbourne Lane, Buffalo 
Grove, IL 60089 (US). BARKALOW, Jufang. H.; 1027 
Knollwood Road, Deerfield, IL 60015 (US). MONTE, 
William, T^ 4 Farrington Circle, Lincolnshire, IL 60069 
(US). 

(74) Agents: WARD, Michael, J. et al.; Abbott Laboratories, 
D-377 AP6D-2, 100 Abbott Park Road, Abbott Park, IL 
60064-6050 (US). 



(81) Designated States: CA, JP, MX, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR. IE, IT, LU. MC, 
NL, PT, SE). 



Published 

With international search report. 



(54) Title: PROCESS FOR PRODUCING CROSS-LINKED POLYALLYLAMINE HYDROCHLORIDE 
(57) Abstract 

The present invention relates to a process for preparing a cross-linked pollyallylamine hydrochloride. The process involves mixing 
polyallylamine hydrochloride, water, a hydroxide or alkoxide, and a water-miscible organic solvent or co-solvents, to a reaction mixture 
and adding a cross-Unking agent to the reaction mixture to form a cross-linked polyallylamine. 



4i- 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


n 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


us 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstsn 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cote d'Tvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 




SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/63259 



I 



PCT/US00/10167 



PROCESS FOR PRODUCING CROSS-LINKED 
POLYALLYLAMINE HYDROCHLORIDE 

Technical Field of the Invention 

The present invention relates to a process for preparing a functionalized polymer. 
More specifically, the present invention relates to a process for preparing cross-linked 
polyallylamine hydrochloride. 

Background of the Invention 

Functionalized polymers find many uses in the art such as drugs, ion exchange 
resins and chelating resins. Functionalized polymers are prepared by introducing various 
types of functional groups into insoluble polymers. The polymer to be used as a base for 
the production of a functionalized polymer should be one that is capable of containing 
several different types of functional groups that are capable of reacting with many 
different kinds of compounds. Preferably, the polymer will contain electrophilic or 
nucleophilic functional groups. An example of a polymer having an electrophilic 
functional group is chloromethylated polystyrene. Examples of polymers having 
nucleophilic functional groups include polyacrylic acid wherein the functional group is - 
COOH, polyvinyl alcohol wherein the functional group is -OH, polyethyleneimine 
wherein the functional group is -NH-, polyvinylamine wherein the functional group is - 
NH : -. and the like. 
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U.S. Patent 4.605.701 (the 701 patent) describes a process for preparing a cross- 
linked monoallylamine polymer. The method involves dispersing a solution of 
monoallylamine polymer in an aqueous solvent and then into a liquid medium that is 
5 immiscible with the aqueous solvent. This is followed by subjecting some of the amino 

groups present in the polymer to a crosslinking reaction with formaldehyde or a compound 
having at least two functional groups reactive with the primary amino group. According to 
the 701 patent the liquid medium is usually an halogenated or unhalogenated aliphatic or 
aromatic hydrocarbon such as carbon tetrachloride, trichlorethylene. dichloromethane. 
10 tetrachloroethylene, chlorobenzene, dichlorobenzene, benzene, toluene., xylene and the 
like. 

One of the difficulties with the process for preparing a cross-linked 
monoallylamine polymer as described in the 701 patent is that this process employs 
aliphatic or aromatic hydrocarbons for use as the liquid medium. Such hydrocarbons may 

15 be hazardous and expensive to dispose of. Another difficulty with the process described in 
the 701 patent is that the polymerization process results in a voluminous batch due to the 
swelling of the gel and necessitates the use of a number of reaction vessels making the 
process difficult and expensive. 

Therefore, there is a need in the art for a solution process of preparing cross-linked 

20 functional polymers, such as polyallylamine hydrochloride, in which the process employs 
environmentally friendly materials and the polymerization occurs in a single reaction 
vessel in order to facilitate commercial production of the polymer. 
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The present invention relates to a solution process for preparing a functionalized 
polymer. More specifically, the present invention involves a process for preparing cross- 
linked polyallylamine hydrochlorides using environmentally preferable materials. The 
process of the present invention does not employ aliphatic or aromatic hydrocarbons that 
5 may be hazardous and expensive to dispose of. The process of the present invention 
controls the swelling of the cross-linked polyallylamine polymer in a single reaction 
vessel that facilitates commercial production of the polymer. 

Summary of the Invention 

10 The present invention relates to a solution process for producing cross-linked 

polyallylamine and its salts. In particular, the process of the present invention involves 
mixing polyallylamine hydrochloride, water, a hydroxide or alkoxide, and a water- 
miscible organic solvent or co-solvents, in a reaction vessel, and then adding a cross- 
linking agent. 

15 

Detailed Description of the Invention 

The solution process of the present invention involves adding polyallylamine 
and/or its salt forms and water to a reaction vessel to form a reaction mixture. The 
polyallylamine hydrochloride preferably has a molecular weight of from about 1000 to 
20 about 500.000. more preferably from about 5.000 to about 30.000. Polyallylamine 

hydrochloride is commercially available from Nitto Boseki Company. LTD.. Tokyo. Japan 
and Salburv Chemical. Inc.. Charles City. Iowa. Also, polyallylamine hydrochloride can 
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be synthesized from monoallylamine and concentrated hydrochloric acid as described in 

U.S. Patent 4.605.701. herein incorporated by reference. 

The polyallylamine used in the process of the present invention can be in any form 

known in the art. such as in solid or aqueous form. Solid forms of polyallylamine may be 
5 reconstituted with water. Various salt forms of polyallylamine may be used as well, and in 

particular, the hydrochloride salt form may be illustrative of the present invention. 

Preferably, the polyallylamine hydrochloride is added to the reaction vessel in the form of 

an aqueous solution. When an aqueous solution of polyallylamine hydrochloride is used, it 

is from about 25% to about 75% aqueous, preferably about 50% aqueous. 
10 The water added to the reaction vessel is preferably distilled water. The weight 

ratio of water (kg) to pollyallylamine hydrochloride (kg, dry weight) is from about 1.5:1.0 

to about 10.0:1.0. preferably from about 1.5:1 :0 to about 5.0:1.0. 

After the pollyallylamine hydrochloride and water are added to the reaction vessel, 

the resulting reaction mixture is mixed for a time period of from about 15 minutes to about 
15 90 minutes. After the mixing, a hydroxide or alkoxide is added to reaction mixture. 

Examples of hydroxides that can be used in the present invention are potassium hydroxide, 

calcium hydroxide, sodium hydroxide, lithium hydroxide, and the like. Examples of 

alkoxides that can be used in the process of the present invention are sodium methoxide, 

sodium ethoxide. sodium tert-butoxide, potassium methoxide. potassium ethoxide, 
20 potassium tert-butoxide, and the like. The weight ratio of hydroxide or alkoxide (kg) to 

polyallylamine hydrochloride (kg. dry weight) is from about 0.1 : 1.0 to about 10.0:1.0, 

preferably from about 0.3: 1 .0 to about 5.0: 1.0. 
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After the hydroxide or alkoxide is added to the reaction mixture, the reaction 
mixture is stirred for a time period of from about 30 minutes to about 120 minutes. After 
stirring, the reaction mixture is allowed to cool to a temperature of from about 1 5°C to 
about 40°C, preferably from about 20°C to about 30°C. 

After the reaction mixture has cooled, a water-miscible organic solvent is added to 
the reaction mixture. The solvent displaces the water out of the polallylamine particles to 
allow for further processing. The water-miscible solvent can be an aprotic or a protic 
solvent. Water-miscible aprotic or protic solvents that can be used in this invention are 
well known in the art and include, but are not intended to be limited to, alcohols, 
dimethylformamide, tetrahydrofuran, dimethyl sulfoxide, acetonitrile. A prefered water- 
miscible aprotic solvent that can be used in the process of the present invention is 
acetonitrile. A preferred water-miscible protic solvent that can be used in the process of 
the present invention is alcohol. Alcohols suitable for the present invention include 
isopropanol, methanol, ethanol. butanol, and the like. A more preferred water-miscible 
protic solvent that can be used in the process of the present invention is isopropanol. The 
volume ratio of water-miscible solvent to water in the reaction mixture may be from about 
0.5:1.0 to about 10.0:1.0, preferably from about 1.5:1.0 to about 5.0: 1.0. 

It is to be understood that co-solvents may be added to the reaction mixture instead 
of the use of a single solvent. For example, aprotic and protic solvents may be used 
together in the process to achieve the same purpose. Furthermore, the order of adding the 
above reactants to the reaction mixture is not critical to the present invention. For 
example, the hydroxide or alkoxide may be added to the reaction vessel first followed by 
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addition of polyallylamine. water, and solvent. However, the polyallylamine. water, 
hydroxide or aikoxide, and solvent or co-solvents must be added prior to the addition of 
the cross-linking agent. 

After the addition of the above reactants to the reaction mixture, a cross-linking 
agent is added to the reaction mixture to cross-link the amino groups of the polyallylamine 
hydrochloride. The cross-linking agent can be any compound that contains at least two 
functional groups that are reactive with the amino groups of the polyallylamine 
hydrochloride. As used herein, the term "functional group" refers to the center of reactivity 
in a molecule. The functional groups contained in the cross-linking agent can be halogen 
groups, epoxy groups, carboxyl groups, hydroxy groups and the like. For example, the 
cross-linking agent can be epichlorohydrin or l,3-dichloro-2-propanol. A single cross- 
linking agent or multiple cross-linking agents can be used in the process of the present 
invention to cross-link the pollyallylamine hydrochloride. The weight ratio of cross- 
linking agent to polyallylamine hydrochloride in the reaction mixture is from about 
0.0 1 : 1 .0 to about 1 0.0: 1 .0. After the addition of the cross-linking agent the reaction 
mixture may be stirred and the reaction mixture begins to form a suspension of 
poyallylamine panicles. After completion of the stirring, the suspension of particles may- 
be recovered by filtering. The reaction vessel may then be washed with a water-miscible 
organic solvent, such as acetonitrile or isopropanol. in order to remove any residual solids. 
The collected solids can then be washed with distilled water and a water-miscible organic 
solvent Any water-miscible solvent can be used such as acetonitrile or isopropanol. The 
solids can then be dried using any technique known in the art. For example, the solids can 
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be dried under a vacuum. After drying, a cross-linked polyallylarnine hydrochloride is 
recovered. 

The cross-linked polyallylarnine hydrochlorides of the present invention may be 
used to selectively bind phosphates, transition metals, ionic complexes, and the like. For 
5 example, pharmacuetically acceptable cross-linked polyallylarnine may be used to remove 
phosphates in the lumen in patients suffering from renal failure. 

Examplel: Preparation of a Cross-Linked Polvallvlamine Hydrochloride 

To a 30 gallon glass lined reactor was added 14.8 kg of polyallylarnine 
10 hydrochloride solution (50% aqueous) and 22.2 kg of distilled water. The contents were 
mixed for about 15 minutes. To this solution was added 2.26 kg of sodium hydroxide and 
the mixture was stirred for about 30 minutes until the sodium hydroxide was dissolved. 
After the solution was allowed to cool to 20°C-30°C, 36.8 kg of acetonitrile followed by 
696 grams of epichlorohydrin were added. The reaction mixture was then stirred for not 
15 less than 21 hours at room temperature. A suspension of particles occurred at around 2 

hours. The slurry was then filtered and the reactor was washed with 10 kg of acetonitrile to 
remove any residual solids. The collected solid was washed with 109.8 kg of distilled 
water and 249 kg of 70% aqueous isopropanol to obtain a final conductivity of 0.09 m 
Siemen/cm. The product was then dried under a vacuum with a moist air bleed at 55°C to 
20 afford 5.9 kg of the final product. 
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1 . A solution process for producing a cross-linked polyallylamine or a salt 
form thereof, the process comprising the steps of. 

a) , mixing polyallylamine, water, a hydroxide or alkoxide, and a water- 
miscible organic solvent or co-solvent; and 

b) . adding a cross-linking agent to form a cross-linked polyallylamine. 

2. The process of claim 1 wherein the weight ratio of water to polyallylamine 
in the reaction mixture is from about 1.5:1.0 to 10.0:1.0. 

3. The process of claim 1 wherein the hydroxide is selected from the group 
consisting of sodium hydroxide, calcium hydroxide, potassium hydroxide, and lithium 
hydroxide. 

4. The process of claim 1 wherein the alkoxide is selected from the group 
consisting of sodium methoxide, sodium ethoxide, sodium tert-butoxide, potassium 
methoxide, potassium ethoxide, and potassium tert-butoxide. 

5. The process of claim 1 wherein the weight ratio of hydroxide or alkoxide to 
pollyallylamine in the reaction mixture is from about 0. 1 : 1 .0 to about 1 0.0: 1 .0. 
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6. The process of claim I wherein the water-miscible organic solvent is an 
aprotic solvent. 

7. The process of claim 1 wherein the cross-linked polyallylamine is 
recovered by filtration. 

8. The process of claim 6 wherein the water-miscible aprotic solvent is 
acetonitrile. 

9. The process of claim 1 wherein the water-miscible organic solvent is a 
protic solvent. 

10. The process of claim 9 wherein the water-miscible protic solvent is 
isopropanol. 

1 1 . The process of claim 1 wherein the volume ratio of water-miscible organic 
solvent to water in the reaction mixture is from about 0.5:1.0 to about 10.0: 1.0. 

12. The process of claim 1 wherein the cross-linking agent is a compound 
which has at least two functional groups which are reactive with the amino groups of the 
polyallylamine. 
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13. The process of claim 12 wherein the functional groups are selected from 
halogen group, epoxy group, carboxyl group, or hydroxyl group. 

14. The process of claim 12 wherein the cross-linking agent is selected from 
the group consisting of epichlorohydrin and 1,3 dichloro-2-propanol. 

15. The process of claim 1 wherein the weight ratio of cross-linking agent to 
polyallylamine in the reaction mixture is from about 0.0 1:1.0 to about 1 0.0: 1 .0. 



16. The process of claim 1 wherein the polyallylamine is the hydrochloride salt 

form. 
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